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Secrets initially revealed by studies of the human red cell membrane have repeatedly proven to be of general biological significance. Membrane phospholipid composition and asymmetry, the biochemistry and functional importance of the membrane skeleton, and the physiology of membrane transport proteins are all examples of this progression in experimental membrane biology. In Although the membrane of the enucleated red cell is not amenable to study by the generation of site-specific mutant molecules, the wealth of available clinical material provides "natural" mutants that can be exploited with great effectiveness. In the present issue of the Biophysical Journal, Knowles et al. (1994) use such mutants to describe the effects of a monoclonal antibody directed against the major membrane sialoglycoprotein, glycophorin A, on membrane rigidity and transmembrane protein lateral mobility. The antiglycophorin antibody is found to induce a marked increase in the rigidity of normal red cells as well as lateral immobilization of both glycophorin A and the major transmembrane protein, band 3. None of these effects are induced by the anti-glycophorin antibody in mutant red cells expressing a form of glycophorin A that lacks the cytoplasmic domain and, therefore, is incapable of interaction with the red cell membrane skeleton. These findings are remarkable and important for several reasons.
The first set of implications concerns the molecular mechanism by which the anti-glycophorin antibody induces transmembrane protein immobilization and membrane rigidification. The antibody presumably induces a conformational change in glycophorin A that affects the interaction between this integral protein and the red cell membrane skeleton. The conformational change, therefore, could effect transmembrane protein immobilization and membrane rigidification by: 1) inducing increased interactions between band 3 and the membrane skeleton; or 2) inducing increased interactions between glycophorin A and the membrane skeleton, thereby pulling the skeleton closer to the membrane lipid bilayer. In the first mechanism, band 3 immobilization would result from increased direct binding interactions between band 3 and the membrane skeleton, whereas in the second mechanism, increased steric interactions would be responsible for band 3 immobilization. Although lateral mobility data cannot distinguish between direct binding and steric mechanisms as causes of lateral immobilization, rotational mobility measurements can shed light on this question. Rotational mobility is sensitive to the molecular environment (nanometer scale) of the rotating species, whereas lateral mobility is measured over micrometer scale distances. Band 3 rotation has been measured in normal red cells incubated with the anti-glycophorin antibody; the results show that the antibody causes rotational immobilization of band 3 (Nigg et al., 1980) . These data suggest strongly that the anti-glycophorin antibody induces increased direct binding interactions between band 3 and the membrane skeleton, although concomitant increases in steric interactions cannot be ruled out.
Are glycophorin A and band 3 linked in a molecular complex? This question was first raised almost thirty years ago, and it remains unresolved to the present time. Data in favor of a glycophorin A-band 3 complex include the finding that the anti-glycophorin antibody induces rotational immobilization of band 3 (see above), and the observation that the Wrb blood group antigen is made up of determinants from the exofacial domains of both band 3 and glycophorin A (Telen and Chasis, 1990 Golan, 1989) ; 2) Southeast Asian ovalocytes (Liu et al., 1990; Mohandas et al., 1992) and Band 3PRAGUE red cells (Jarolim et al., 1994) , in which band 3 is laterally immobile, but glycophorin diffuses at control rates; and 3) anti-glycophorin antibody-treated Miltenberger V (mutant) red cells, in which lateral diffusion rates for band 3 and glycophorin A differ by a factor of about 3 (see Figs. 1 and 3 of Knowles et al., 1994) . The work of Knowles et al. (1994) would appear to add to existing data favoring a model in which band 3 and glycophorin A are not linked in a tight molecular complex, but may be capable of transient lateral association in the membrane.
The third set of implications concerns the generalizability of the molecular mechanism proposed by Knowles et al. (1994) By using the human red cell as a model system, Knowles et al. (1994) have provided clear evidence for bidirectional transmembrane signaling involving the red cell membrane skeleton. "Action at a distance," in which cell activation through one transmembrane receptor affects the structure and function of other receptors in the same membrane, is likely to be the rule rather than the exception in many, if not all, biological membranes.
